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[57] ABSTRACT

In combination an electrode and a radiation semi-
cured or completely cured polymer containing mate-
rial suitable for use in an electrical device. The elec-
trode includes a metal containing material. Contigu-
ous to the metal containing material is a radiation
semi-cured or completely cured polymer containing
material. The semi-cured or completely cured polymer
containing material retains electrolyte. The polymer
containing material may contain a dielectric filler such

- as paper and the like.

A method of making the combination of the electrode
and radiation semi-cured or completely cured polymer
containing material including the steps of applying
radiation curable polymer containing material to the
electrode or to a dielectric filler to be used in the
combination, irradiating applied material to semi-cure
or completely cure the applied material and
introducing electrolyte to the applied polymer
containing material.

High energy irradiation from an energy source such as
ultraviolet light or an electron beam is used to
crosslink or cure polymeric material applied to the
electrode.

11 Claims, 4 Drawing Figures
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 ELECTRICAL DEVICE AND METHOD OF
| MAKING THE SAME

L ] L 4 "
. The present invention relates to the combination of
an electrode of metal containing material and a radia-

tion semi-cured or completely cured polymer contain-

Ing material, the material retaining an electrolyte, and
to a method of making the same. More particularly, the
invention relates an electrical device including an elec-
trode of dielectric metal oxide forming metal contigu-
ous to a radiation semi-cured or completely cured poly-
mer containing material which polymer retains electro-
lyte, and to a method of making the same.

‘The component body. of the electrical device may be
any one of several component bodies such as a capaci-
tor or a battery. The concepts of the present invention
‘have particular applicability to an electrical device
requiring the presence of a liquid electrolyte material.

A typical liquid type electrolytic capacitor includes
an etched metal containing anode electrode foil such as
aluminum or tantalum. The anode electrode foil may or
may not have a dielectric oxide film formed over its
surface. The cathode electrode is an etched metal con-
taining foil which probably includes a dielectric oxide
film formed over its surface. A layer or layers of paper
such as Kraft paper are between the anode and cathode
electrode foils. Typically, the anode and cathode elec-
trode foils separated by the interleaved paper are con-
volutely wound into a relatively tight roll although a
multiplicity of flat stacked electrode foils with inter-
leaved paper has been used to provide a capacitor. The
paper of the convolutely wound roll is impregnated,
either before or after rolling, with a suitable electrolyte
such as a solution of ammonium borate and boric acid,
plus glycol to help lower the freezing point temperature
of the solution. The impregnated convolutely wound
roll is then inserted into the cavity of a substantially
rigid housing. The housing helps to provide physical
protection for the convolutely wound roll, and, just as
importantly, to minimize contamination of the wound
roll by contact with moisture and the like which may,
during operation of the capacitor, have a harmful effect
on the electrical characteristics of the liquid type elec-
trolytic capacitor. Typically, the open end of the metal
housing is sealed by either a glass-to-metal end seal or
by an electrically insulating cap and seal. The end seal
Is retained by a suitable swaged or rolled-over edged
portion of the housing and, if the end seal is of the
glass-to-metal type, it is soldered to the swaged or
rolled-over portion of the housing. Ideally, the housing
for the capacitor body has its open end sealed in an
atmosphere which is relatively free from harmful con-
taminants. Prior to sealing the open end of the housing,
the housing is filled with electrolyte. -

‘The use of paper to separate the anode and cathode
electrode foils presents problems in proper alignment
of the edges of the paper relative to edges of the elec-
trode foils. Also, the character of the surface of the
paper tends to have a harmful abrasive effect on the
dielectric oxide film over the surface of the electrode
foil contiguous to the surface of the paper. The paper
separator tends to restrict the operation of the capaci-
tor to about 125°C because the paper tends to become
less pliable and looses its. desired electrolyte absor-
“bency characteristics at temperatures of about 125°C
or higher. A paper type capacitor may require the use
of multiple layers of paper to separate the anode and
cathode means the proper distance and yet provide a
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'medium which permits the necessary amount of elec-

trolyte to be present between the anode and cathode
electrode foils. .

One aspect of the present invention relates to an
electrode including a metal containing material and a

- radiation semi-cured or completely cured polymer con-

taining material contiguous to the electrode with the
polymer containing material retaining an electrolyte
such as a solution of ammonium borate and boric acid

~with glycol. The polymeric material is cross-linked or

cured by exposure to high energy irradiation such as
ultra-violet (U.V.) light or electron beam (E.B.) irradi-

‘ation. An advantage of radiation cured material over a
solvent-base type material is the minimization of pollu-

tion of the atmosphere by solvent evolved during hard-
ening since volatile solvents are not evolved into the

‘atmosphere during radiation curing. Typically, volatile
solvents are also highly combustible. Hardening solvent

contaming materials typically requires expending large
amounts. of heat in the use of ovens. The use of radia-
tion cured material minimizes problems such as the
alignment problem, the abrasive effect the surface of
paper tends to have on the dielectric oxide film over
the surface of the electrode foil, the restriction on the
maximum upper operating temperature to about
125°C, and the separate and distinct layer problems

‘usually associated with the use of paper. Furthermore,

the polymer containing material provides a relatively
thin medium to retain desired quantities of electrolyte
between continuous anode and cathode electrodes.

It is therefore, a feature of the present invention to
provide, in combination a radiation semi-cured or com-

pletely cured polymer containing material with electro-

lyte contiguous the electrode, and to a method of mak-

Ing the same. A further feature of the present invention

Is to provide a radiation semi-cured or completely
cured polymer material, with or without filler, func-
tioning as a spacer between contiguous anode and cath-
ode electrodes and characterized by its ability to retain
electrolyte. Other features of the invention will be ap-
parent from the drawing, the following description and
the appended claims.

IN THE DRAWING

FIG. 1 is a diagrammatic illustration of means for
applying radiation cross-linkable polymer material to
electrode strip, means for radiating the material ap-
plied to the electrode strip to cross-link or cure the
material, means for immersing the electrode strip with
the applied polymer material in a bath of liquid electro-
lyte, and means for winding the strip into a convolutely
wound roll; =~ .

FIG. 2 is a diagrammatic illustration of means for
applying radiation cross-linkable polymer material to
separate electrode strips, means for radiating the mate-
rial applied to the electrode strips to cross-link or cure
the material, means for immersing the strip with the

applied polymer material in a bath of liquid electrolyte,

and means for winding the strips into a convolutely
wound roll; - -

FIG. 3 is a diagrammatic illustration of means for
applying radiation cross-linkable polymer material to
separate paper strips, means for radiating the material
applied to the paper strips, means for immersing the
paper strips with the applied polymer material in a bath
of liquid electrolyte, and means for winding the paper
strips with electrode. strips into a convolutely wound
roll; and -
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FIG. 4 is a 200 magnification cross-sectional view of
an electrode strip with cured polymer material retain-
ing electrolyte. |

One form of the concepts embodied in the present
“invention is illustrated in FIG. 1. A means 10 is shown
for applying and curing radiation curable material 11
from bath 12 to electrode foil 13. The application of
the radiation curable material 11 to surfaces of the
-electrode foil 13 is accomplished by removing lengths
- of electrode foil from a foll 14 of electrode foil 13. Roll
14 1s suitably carried by arbor 15. A length of electrode
foil 13 to be treated is past over guide roller 16 and
~under guide roller 17 in bath 12. The electrode foil 13
1s immersed in the radiation curable polymeric material
11 for the required length of time to apply desired
amounts of material to immersed surfaces of the elec-
‘trode foil 13. The viscosity of the radiation curable
‘polymeric material may be varied to help control the
thickness thereof applied to the electrode foil 13.

. -'The electrode foil 13 is withdrawn from bath 12 and
1t together with the radiation curable material applied
‘to its surfaces is passed through radiation cross-linking
-or curing zone 18. Zone 18 includes an ultraviolet light
-source.-. 19 for causing cross-linking or curing of the

‘material 11 applied to the surfaces of the foil electrode
.-Electrode-foil 13 with its cured material 11 is past
over guide rollers 20 and 21 and under guide roller 22
in bath 23. The bath 23 contains liquid electrolyte 24.
The electrode foil 13 with its cured polymer material is
mmmersed. in. the electrolyte 24. Electrolyte 24 is re-
tained by the cured material 11. Electrolyte 24 appears
to be attracted into the cured polymer material 11 so
that to the human eye the electrolyte retained by the

cured polymer material seems to disappear physically.
- The .combination of the electrode foil 13 and the
cured polymer material retaining electrolyte is convo-
lutely wound with. electrode foil 25 dispensed from
electrode foil roll 26 carried by arbor 27. As shown in
~ FIG. 1, electrode foil 25 does not have applied polymer
material. A convolutely wound body 28, which in-
cludes a pair of electrode foil strips 13 and 25, cured
polymer material 11 and electrolyte, is suitable for use
as a capacitor body in an electrolytic capacitor.
- The polymeric material 11 applied to the surfaces of
electrode foil 13 is of the type which has a high degree
of electrolyte retention upon curing and which does not
have. a-harmful effect on the desired electrical and
physical relationship between the electrolyte and elec-
trode foil under operating conditions. Such a polymer
- material is marketed by W. R. GRACE & CO., Wash-
ington Research Center, 7379 Route 32, Columbia,
Md., under type designation 5261A.
- The radiation curable polymeric material 11 applied
to the electrode foil 13 may be any one of several suit-
able radiation cross-linkable polymeric materials capa-
ble of retaining suitable amounts: of electrolyte. For
example, if ultraviolet light is used to cross-link the
applied polymeric material, suitable materials may be
-unsaturated polyesters, thermosetting acrylics and ure-
thane alkyds typically mixed with reactive monomers
such as styrene, vinyl toluene, or acrylics, and a suit-
able initiator. In the event electron beam radiation is
used to cross-link the applied polymeric material 12,
‘suitable materials may be unsaturated polyesters, ther-
mosetting and thermoplastic acrylics, urethanes and
the like. It may be possible to modify the polyesters,
acrylics and urethanes with epoxy, vinyl, silicone, fluo-
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rocarbon polymers and the like. Typical monomers
may include styrene, vinyl toluene, acrylics and the
like. In the use of an electron beam to cross-link the
applied polymeric material 11, the electron beam bom-

bards the polymer with a high energy electron.

FIG. 2 illustrates another embodiment of the present
invention. A means 30 is shown for applying and curing
radiation curable material 31 from baths 32 and 32’ to
a pair of electrode foils 33 and 33’ respectively. As in
the means 10 of FIG. 1, application of the radiation
curable material 31 to surfaces of the electrode foils 33
and 33’ 1s accomplished by removing lengths of elec-
trode foil from electrode foil rolls 34 and 34’ respec-
tively. Rolls 34 and 34’ are suitably carried by arbors
35 and 35’ respectively. Lengths of electrode foil 33
and 33’ to be treated are guided by a series of rollers 36
and 36’ in baths 32 and 32’. The electrode foils 33 and
33" are immersed in the radiation curable polymeric
material 31 for the required length of time to apply
desired amounts of material to immersed surfaces of
the electrode foil 33 and 33'.

Electrode foils 33 and 33’ are withdrawn from baths
32 and 32’ and together with the radiation curable
material applied to their surfaces are passed through
radiation cross-linking or curing zone 38 and 38’ re-
spectively. Zones 38 and 38’ include ultraviolet light
source 39 and 39’ respectively for causing cross-linking
or curing of the material 31 applied to the surfaces of
the foil electrodes 33 and 33’ respectively.

Electrode foils 33 and 33’ with their cured material
31 are guided by a series of rollers 40 and 40’ through
bath 43 and 43’ respectively. Baths 43 and 43’ contain

liquid electrolyte 44. The electrode foils 33 and 33’
with their cured polymer material 33 and 33’ are im-

mersed in the electrolyte 44. Electrolyte 44 is retained
by the cured material 33 and 33’. |

The combination of the electrode foils 33 and 33’
and the cured polymer material containing electrolyte
are convolutely wound into a convolutely wound body
48 on arbor 47. Convolutely wound body 48 includes a
pair of electrode foils, cured polymer material associ-
ated with each electrode foil and electrolyte and, is
suitable for use as a capacitor body in an electrolytic
capacitor. |

The polymeric material 31 used for application to the
surfaces of electrode foils 33 and 33’ is similar to that

used in FIG. 1.
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The following example is typical of electrode foils 13,
33 and 33’ treated using means 11 and 30 of FIGS. 1
and 2 respectively.

EXAMPLE

Ultraviolet light cross-linkable or curable material 11
marketed by W. R. GRACE & CO. under the type
designation 5261A is placed in bath 12 to the desired
level. Etched electrode foil 13, such as dielectric oxide
film-forming Al, Ta, Nb, Ti, Zr or the like having a
dielectric oxide film formed over its surfaces and hav-
Ing a total thickness of about 0.0008 to about 0.004 of
an inch and a width of about 2 to about 18 inches, is
dispensed from roll 14 at the rate of about 1 inch per

- second and immersed in polymer material 11 for about

635

I to about 3 seconds. Electrode foil 13 with applied
polymer material 11 is withdrawn from the bath 12 and
radiated by ultraviolet light having a wavelength of
about 3600 to about 3700 Angstrom (A) for about 0.5
to about 1 second. The exposure of the polymer mate-
rial 11 to the ultraviolet light causes what appears to be
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an almost instantaneous cross-linking or curing of the
polymer and provides the electrode foil 13 with a sub-
stantially uniform and continuous layer (not shown in
FIG. 1) having a thickness of about 0.002 inches. The
layer 1s relatively clear and has a good electrolyte re- 5
tention characteristic. The electrode foil 13 with its
cured polymer layer is immersed in an electrolyte of
ammonium borate, boric acid and glycol for about 1 to
about 3 seconds. The electrode foil 13 with its cured
polymer layer and retained electrolyte is convolutely
wound with another etched foil electrode, that may or
may not include a dielectric oxide film over its surface
and a cured polymer layer with retained electrolyte, to
thereby provide a convolutely wound capacitor body
suitable for use in an electrolytic capacitor.

Another embodiment of the present invention is illus-
trated in FIG. 3. A means 50 is shown for applying and
curing radiation curable material 51 from baths 52 and
52’ to filler materials of dielectric material 53 and 53’.
Preferably the filler material is a thin flat material of ¢
closely matted fibers such as paper or cloth, and most
preferably, Kraft paper. The application of the radia-
tion curable material 51 to surfaces of paper fillers 53
~and 53’ 1s accomplished by removing lengths of the
paper from paper rolls 54 and 54’. Paper rolls 54 and
54’ are suitably carried by arbors 55 and 55’ respec-
‘tively. Papers 53 and 53’ to be treated are guided by
rollers 56 and 56’ respectively through baths 52 and
52’ respectively. Papers 53 and 53’ are then immersed
In the radiation curable polymeric material 51 for the 5,
required length of time to apply desired amounts of
material to immersed surfaces of the papers 53 and 53°.

The papers 53 and 53’ are withdrawn from baths 52
and 32’ and each together with the radiation curable
material applied to their surfaces are passed through
- radiation cross-linking or curing zones 58 and 58’ re-
spectively. The curing zones include ultraviolet light
source 39 and 39’ respectively for causing cross-linking
or curing of the material 51 applied to the surfaces of
the papers 53 and 53’ respectively.

Papers 53 and 53 with cured material 51 are guided
by rollers 60 and 60’ respectively in baths 63 and 63’
respectively. Baths 63 and 63’ contain liquid electro-
lyte 64. The papers 53 and 53’ with their cured poly-
mer material are immersed in the electrolyte 64. Elec-
trolyte 64 is retained by the cured material 51.

The combination of the electrolyte foils 53 and 53’
and the cured polymer material retaining electrolyte is
“convolutely wound with etched aluminum foil 65 and
65’ dispensed from foil roll 66 and 66’ carried by arbor
67 and 67’ respectively to form a convolutely wound
body 68. A convolutely wound body 68, which includes
a pair of paper strips, cured polymer material and elec-
trolyte, and a pair of etched aluminum foil strips, is
suitable for use as a capacitor body in an electrolytic
capacitor.

FIG. 4 is a 200 magnification cross-sectional view of
an etched aluminum foil strip 40 having a thickness of
about 0.002 of an inch with opposite surfaces covered
by a dielectric oxide film 41 and 42 of aluminum. The
dielectric oxide film 41 of aluminum of the aluminum
foil strip 40 is covered by a substantially continuous
- film of ultraviolet light cured polymer material 5261A
~ marketed by W. R. GRACE & CO. The polymer mate-
rial is indicated by reference number 43 and has a
thickness of about 0.002 of an inch. An electrolyte of 65
ammonium borate, boric acid and glycol 1s retained by
the polymer material 43. Note that the polymer mate-
rial 43 retains the electrolyte in a manner that appears
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to physically disappear to the human eye at 200 magni-
fications. |

The construction of a convolutely wound capacitor
body of the type illustrated in FIG. 1 but without im-
mersing the applied, cured polymer material in the
ammonium borate, boric acid and glycol electrolyte
exhibited an unacceptable capacitance value. A capac-
itor body of the type illustrated in FIG. 1 wherein the
cured polymer material retained electrolyte exhibited
an acceptable capacitance value.

The concepts of the present invention appear to be
applicable to battery bodies as well as to capacitor
bodies. The capacitor body may be a convolutely
wound capacitor body of the type discussed hereinbe-
fore as well as a stacked foil type capacitor body. The
stacked foil type capacitor body includes a plurality of
flat alternate anode and cathode foil electrodes sepa-
rated by cured polymeric material retaining electrolyte.

] claim:

1. In combination an electrode and a polymer con-
taming material for an electrical device, the electrode
including metal containing material, the polymer con-
taining material contiguous to the electrode, the poly-
mer containing material at least semi-cured by radia-
tion and retaining electrolyte.

2. The combination of claim 1, wherein the polymer
containing material further includes a dielectric filler.

3. The combination of claim 2, wherein the filler is
paper.

4. The combination of claim 1, wherein an etched
surface of the electrode is contiguous to the polymer
containing material.

5. The combination of claim 1, wherein the electrode
includes a dielectric oxide film of a film-forming metal
contiguous to the polymer containing material.

6. A capacitor including the combination of the elec-
trode and the polymer containing material retaining
electrolyte of claim 1. |

7. The capacitor of claim 6, wherein the electrode is
the cathode electrode of the capacitor.

8. A capacitor including the combination of the elec-
trode and the polymer containing material retaining
electrolyte of claim 1 convolutely wound with another
electrode to provide a capacitor body.

9. The capacitor of claim 8, wherein the other elec-
trode includes a metal containing material and a poly-
mer containing material contiguous to the other elec-
trode, the polymer containing material at least semi-
cured by radiation and retaining electrolyte.

10. A method of making the combination of claim 1,
the method comprising the steps of applying radiation
curable polymer containing material to a metal con-
taining electrode, irradiating the applied polymer con-
taining material to at least semi-cure the applied poly-
mer containing material, and treating the polymer con-
taining material to cause the polymer containing mate-
rial to retain electrolyte.

11. A method of making the combination of claim 2,
the method comprising the steps of applying radiation
curable polymer containing material to a dielectric
filler material, irradiating the applied polymer contain-
ing material to at least semi-cure the applied polymer
containing material, treating the polymer containing
material to cause the polymer containing material to
retain electrolyte, and placing the polymer containing
material retaining electrolyte contiguous to an elec-

trode.
X ok k% ¥
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